Abstract-According to current prognosis studies of pancreatic cancer, survival rate nowadays is still as low as 6% mainly due to late detections. Taking into account the location of the disease within the body and making use of the level of miniaturization in radiation detectors that can be achieved at the present time, EndoTOFPET-US collaboration aims at the development of a multimodal imaging technique for endoscopic pancreas exams that combines the benefits of high resolution metabolic information from Time-Of-Flight (TOF) Positron Emission Tomography (PET) and anatomical information from ultrasound (US). A system with such capabilities calls for an applicationspecific high-performance Data Acquisition System (DAQ) able to control and readout data from two different detectors. The system is composed of two novel detectors designed within the collaboration; a PET head extension for a commercial US endoscope placed internally close to the Region-Of-Interest (ROI) and a PET plate placed over the patient's abdomen in coincidence with the PET head. These two detectors will send asymmetric data streams that need to be handled by the DAQ system. The approach chosen to cope with these needs goes through the implementation of a DAQ capable to perform multilevel triggering and which is distributed across two different ondetector electronics and the off-detector electronics placed inside the reconstruction workstation. Present contribution gives an overview on the design of this innovative DAQ system and, based on results obtained by means of final prototypes of the two detectors and DAQ, we conclude that a distributed multi-level triggering DAQ system is suitable for endoscopic PET detectors and it shows potential for its application in different asymmetric scenarios.
I. INTRODUCTION
HE EndoTOFPET-US collaboration [1] will soon provide a tool to study most recent biomarkers for pancreas and prostate by means of a novel endoscopic multimodal PET-US imaging system, the EndoTOFPET-US scanner. This device is characterized by its innovative Region-Of-Interest (ROI) Manuscript specific configuration, which places a PET detector head in an endoscopic probe (see Fig. 1 ).
An asymmetric PET system like this needs a highperformance DAQ able to control and readout data simultaneously from two different detectors. 
II. DESIGNING A DAQ FOR ENDOSCOPIC PET
The EndoTOFPET-US DAQ [4] [5] is distributed in three different subsystems (see Fig. 2 ):
1. On-detector plate electronics, it refers to the segment of the DAQ contained in the abdominal PET detector plate; 2. On-detector probe electronics, it refers to the segment of the DAQ contained in the endoscope extension PET detector probe; 3. Off-detector electronics, it refers to the segment of the DAQ contained in the image reconstruction workstation.
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III. EXTERNAL PLATE
The EndoTOFPET-US external plate is a PET detector panel laying over patients' abdomen. It is composed of 256 (4x4) matrices of LYSO:Ce scintillating crystals coupled to 256 arrays of Silicon Photomultipliers (SiPM).
The plate is composed of 4 Front-End-Board (FEB) called FEB/D (D, because it interfaces with the DAQ) containing a Xilinx Kintex 7 FPGA. Each one of these is connected to 8 FEB/A (A, because it contains two ASICs). And each FEB/A reads 8 (4x4) SiPM arrays by means an ASIC specifically developed by the collaboration [6] , [7] .
The FEB/D FPGA takes care of: 1. Concentration and retransmission of gamma events; 2. System configuration; 3. System monitoring. The ASIC-FEB/D_FPGA interface uses a point-to-point serial communication at 320 Mb/s and the interface FEB/D_FPGA-DAQ_FPGA uses Xilinx' AURORA 8B/10B protocol at 1.6 Gb/s
The communication protocol implemented on the ASIC-FEB/D_FPGA interface provides point-to-point serial communication at a maximum data rate of 640 Mb/s. It is based on 8B/10B codification and it includes extra error detection mechanisms.
On the other hand, the communication protocol chosen on the interface FEB/D_FPGA-DAQ_FPGA is based on Xilinx proprietary protocol AURORA 8B/10B working at 1.6 Gb/s (64 Mevents/s) and the physical link chosen is a HDMI cable.
For the shake of system flexibility FEB/Ds can be directly connected to the off-detector DAQ card (4 FEB/Ds at most) or daisy-chained to reduce number of connections between the external plate and the off-detector DAQ card.
IV. INTERNAL PROBE
The EndoTOFPET-US internal probe is a PET detector extension of an ultrasound probe. For prostate exams it is composed of 2 (18x9 fibers) LYSO:Ce scintillating crystal matrices and one matrix for the pancreatic prototype. These crystals are read by a Multi-Digital Silicon Photomultiplier (MD-SiPM), which has been developed inside the collaboration [8] . This device transmits time and energy information the detected gamma events to a small and ultra low power FPGA: Lattice Semiconductor ice40.
The probe FPGA reads and configure the MD-SiPM and it also implements a lightweight link-layer protocol meant to:
1. Gamma events retransmission; 2. Configuration commands processing; 3. Monitor communication's parameters. The interface between the internal probe and the offdetector DAQ card uses LVDS pairs of a DVI cable to transmit data at a 320 Mb/s rate.
V. OFF-DETECTOR ELECTRONICS
The off-detector DAQ card is a PCIe enabled board connected to the image reconstruction workstation. The card front panel connects to FEB/Ds through 4 HDMI links and to the endoscopic probe over a DVI connection. Every detector interface with the off-detector DAQ card contains:
Reference clock. Synchronization signal. Data link. Control link. The interface between PC and off-detector DAQ card is based on a PCIe motherboard connection transmitting data at 4 Gb/s.
A Xilinx Virtex-4 FPGA has been chosen to implement the functionality required for the off-detector DAQ electronics. The off-detector DAQ card FPGA, Xilinx Virtex-4, is responsible for:
1. Detectors readout; 2. Detectors configuration; 3. Online detectors monitoring; 4. Temporal coincidence classification. The gamma events temporal coincidence classification is performed in two phases. First, a coarse (12.5 ns) classification stage is performed onboard. And later, a second stage to look for fine temporal coincidences (200 ps) is performed by software in the image reconstruction workstation. Reducing the bandwidth needed in the interface with the PC and preventing at the same time from filtering out meaningful gamma events that are not paired as temporal coincident according to the fine scale.
VI. CONCLUSIONS
An Asymmetric Data Acquisition system specific for an endoscopic PET-US scanner has been designed, implemented and tested.
This DAQ configures two different detectors, monitors them on real-time and reads data from them receiving asymmetric input data flows.
As a proof of concept the system has been successfully tested by means of detectors and DAQ card prototypes leading us to the conclusion that a distributed and multi-level triggering DAQ system is suitable for endoscopic PET detectors.
Further details about this work will be available in the Real Time Conference 2014 edition of the IEEE Transactions on Nuclear Science [9] .
